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(54) Auto matfc ultrasonic flaw detecto r 

(57) A tank 10 has an opening through which enters 
a molded material which is the object of inspection, 
and water filled within the tank 1 0. One side wall 
of said tank 1 0 is equipped with a plurality of ultrasonic 
search units 40. On the other side wall of said tank 10 Is 
mounted a reflector plate 100 opposing to said ultra- 
sonic search units 40. The reflection surface 100a of 
saki reflector plate 1 00 is positioned away from the sur- 



face of an object portion P^q by a predetermined dis- 
tance Di. The ultrasonic waves generated from the 
search units are reflected, and the reflected waves are 
transduced into electric signals, and the signals are 
compared with the signate received from the solid por- 
tion, so as to detect flaw. 
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Descrijitlon 

FIELD OF THE INVENTION 

[0001] The present Invention relates to an auto- 
matic ultrasonic flaw detector tor detecting the inner flaw 
or defect of a molded material made of plastic, cOTipos- 
ite materia! or metal. 

DESCRIPTION OF THE RELATED ART 

[0002] For example, a molded material iomed of 

composite material has an L-shaped, T-shaped or H- 
shaped cross section. The molded material is formed 
along the long'rtudlnat direction. 
[0003] In order to inspect any flaw or defect existing 
within the molded material, an ultrasonic flaw detecting 
technology Is utilized. 

[0004] The ultrasonic flaw detecting technology 
relates to propagating ultrasonic waves onto the surface 
of a molded material through medium such aa water, 
converting the sonic wave reflected from the front sur- 
face of the molded material, the flaw existing within the 
material, and the back surface of the material into elec- 
tric signals, and thereby detecting the inner conditions 
of the molded material 

[0005] According to another noethod (the through 
transmission method), the inner flaw may be detected 
by propagating ultrasonic waves from one side of the 
molded material placed under water, and receiving the 

transmitted sonic waves. 

[0006] FIG- 9 shows the principle of an ultrasonic 
flaw detecAor utilizing the through transmission method. 
[0007] Water W is filled inside a tank 10, and a 
molded material P^, which Is the object of inspection, is 
positioned Inside the tank. 

[0008] Ultrasonic wave is propagated toward the 
molded material from a transmission search unit 20. 
A reception search unit 30 positioned to oppose to the 
unit 20 receives the transmitted sonic wave V2, and 
detects flaw. 

[0009] According to such device, the transmission 
search unit 20 and the reception search unit 30 must be 
operated in synchronism. Moreover, the transmitted 
ultrasonic wave must be converged to concentrate 
the energy, and therefore, it is difficult to detect the flaw 
formed to a corner portion A, and the like of the molded 
material P^. 

[0010] Therefore, a flaw detector utilizing a reflec- 
tion method is provided. 

[0011] Water W^ is filled inside a tank 10, and a 
molded material Pi is placed inside the tank 10. On one 
side wall of the tank 1 0 Is positioned a plurality of search 
units 40. which are for transmitting and receiving ultra- 
sonic waves. 

[0012] Similarly, a plurality of search units 50 are 
positioned to the bottom of the tank 10, which are for 
transmitting and receiving ultrasonc waves. 



[0013] FIG. 1 1 Is an explanatory view showing the 
result of inspection performed according to the above 
flaw detector. 

[0014] The ultrasonic wave transmitted from the 
5 search unit 40 is reflected by the front surface and 
the back surface of the molded material and a 
waveform as shown in FIG. 1 1 Is drawn on an oscillo- 
scope 0^. 

[0015] In advance, a normal (good) back surface 
10 reflection level Is set within the range of a gate as 

the back surface range width, using a sample. 

[0016] FIG. 1 1 (A) shows the reflected wave of the 

solid (good) portion of the molded material P^. The 

reflected wave EB^ reflected by the back surface 
IS exists above the set level within the gate G^, and 

therefore, the inspected portion is determined to be 

accepted. 

[0017] FIG. 11 (B) shows the state where a void Hi 
so-called porosity is formed within the molded material 
20 Py. When such a void exists, the reflected wave EB^ 
Is damped, and the level will not reach the set level L^. 
As a result, the inspected portion is determined to be 
unaccepted. 

[OOia] FIG. 1 1 (C) shows the state where an exfoli- 
25 ated portion Fi so-called a delamlnation exists near the 
back surface of the molded material P^. If the molded 
material P^ is manufactured by press fonning plural 
sheets of laminated FRP films, delamlnation portion F^ 
is likely to appear within the material. 
30 [0019] When such defect exists, however, the 
reflected wave EF^ from the delamlnation portion F^ 
may exceed the set level within the gate portion G^ 
set to the position corresponding to the back surface 8^ , 
and the inspected portion may be determined to be 
35 accepted. 

[0020] Especially when the thickness of the molded 
material is small, such problem occurs. 

SUMMARY OF THE INVENTION 

40 

[0021] Therefore, the present invention aims at 
sohflng the above problems of the prior art by providing 
a device capable of detecting the flaw existing within the 
object molded material con-ectly, even if the molded 

45 material Is fonmed of composite material 

[0022] The automatic ultrasonic flaw detector 
according to the present invention comprises, as basic 
means, a flaw detection chamber fllled with water and 
having an opening portion through which a molded 

50 material being the object of Inspection travels; an ultra- 
sonic search unit positioned within the chamber to 
oppose to one surface of an object portion of inspection 
of the molded material; an ultrasonic reflector plate 
positioned to oppose to said ultrasonic search unit and 

55 to have a predetermined distance from the other surface 
of said object portion of inspection; and an inspecting 
means for comparing the reflected signal of ultrasonc 
waves with the signal from a solid portion. 
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[0023] The detector further comprises rollers for 
gripping and sending the molded material into the flaw 
detection chamber, and bellows equipped to the open- 
ing portion of the flaw detection chamber through which 
the molded materiat travels, so that water within the 
chamber is prevented from leaking, 
[0024] The reflector plates are formed as a unit 
removably placed within the flaw detection chamber, 
and the unit of reflector plates is divided into two parts 
with its boundary set along the opening portion of the 
flaw detection chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 

FIG. 1 is a front view showing the main area of the 
ultrasonic flaw detector according to the present 
invention; 

FIG. 2 Is a front view showing the main area of the 
ultrasonic flaw detector according to the present 

invention; 

FIG. 3 is an explanatory view showing the action of 
the ultrasonic flaw detector according to the present 
invention; 

FIG. 4 is a plan view showing the main area of the 
ultrasonic flaw detector according to the present 
invention; 

FIG. 5 is a side view showing the main portion of 
the ultrasonic flaw detector according to the present 

invention; 

FIG. 6 is a plan View showing the ultrasonic flaw 
detector with the reflector plate units removed; 
FIG. 7 is a plan view of the reflector plate units; 
FIG. B is a side view o1 the reflector units; 
FIG. 9 is an explanatory view showing the ultra- 
sonic flaw detector utilizing the through transmis- 
sion method; 

FIG. 10 is an explanatory view showing the ultra- 
sonic flaw detector utilizing the reflection method; 
and 

FIG. 1 1 IS an explanatory view showing the action 
of the ultrasonic flaw detector utilizing the reflection 
method. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

[0026] FIGS. 1 and 2 are front views showing the 
main area of the ultrasonic flaw detector according to 
the present invention, FIG, 3 Is an explanatory view 
showing its action. 

[0027] According to FIG. 1, five ultrasonic search 
units 40 are arranged vertically on one side wall of a 
tank 10. The diameter of each ultrasonic search unit 40 
is approximately 1 0 mm. A plural number of ultrasonic 
search units 40 are equipped to the tank according to 
the size of a molded material P^, which is the object of 
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inspection. 

[0028] The molded material travels along the 
longitudinal direction by a guide device explained later. 
On the other side wall of the tank 10 Is equipped a 

5 reflector plate 100. 

[0029] The reflector plate 100 includes a reflection 
surface 100a. The reflection surface 100a is positioned 
away by a distance D^ from the back surface of an 
object portion P^o being inspected, and reflects the 

10 ultrasonic waves from the five search units 40. 

[0030] If the molded material P^ being inspected 
has a T-shaped or H^shaped cross section, ultrasonic 
search units 50 are placed on the bottom of the tank 1 0, 
and two reflector plates 110 and 120 are mounted 

15 opposing to an object portion P^o of Inspection of the 
molded material P^. The first reflector plate 11 0 is posi- 
tioned so as to reflect the sonic waves from three search 
units corresponding to channels 6, 7 and 8. The second 
reflector plate 1 20 Is positioned so as to reflect the sonic 

20 waves from three search units corresponding to chan- 
nels 9, 10 and 11. 

[0031] When Inspection of the object portions P^o 
and P20 are finished, the molded material P^ is placed 
up side down, and the remaining object portions P^q 

25 and P30 are then inspected. 

[0032] In FIG. 3, the ultrasonic wave irradiated 
from the search unit 40 Is reflected by the front and back 
surfaces of the object portion P^q and the reflection sur- 
face lOOa of the reflector plate 100, and a pulse wave- 

30 fomri as shown in FIG. 3 is drawn on an osclllosoope O-;. 
A gate G^ Is set to the position of the reflection surface 
100a. 

[0033] When the object portion P^q is good (solid), 
the pulse Ea of the reflected wave is greater than a set 
35 level Li as shown in (A), and the object portion Is deter- 
mined to be accepted. 

[0034] As shown in (B), when porosity exists 
within the object portion, the reflected wave is damped, 
and the waveform Ea will not reach the set level. There- 

40 fore, the object portion is determined to be unaccepted. 
[0035] Next, as shown in (C), when a delaminatlon 
F^ exists within the object portion, the ultrasonic wave is 
reflected by the defamination F^, and the reflected wave 
from the reflector plate 1 00a defined by the gate G-| dis- 

45 appears. Therefore, the object portion is determined to 
be unaccepted. 

[0036] Since the reflector plate 100 is positioned 
away from the surface of the inspected portion, the posi- 
tion of the gate G^ Is also clearly distinguished from the 
50 Inspected surface, which improves the inspection accu- 
racy. 

[0037] FIG. 4 IS a plan view showing the main por- 
tion of the automatic ultrasonic flaw detector, and FIG. 5 
is a side view thereof. 
55 [0038] The ultrasonic flaw detector 200 Includes a 
box-shaped ultrasonic flaw detection chamber 250, and 
water is supplied to the Interior of the flaw detection 
chamber 250 through a pipeline 230. 
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[0039] Transmission rollers 210 and 220 are each 
mounted to the front and back areas of the flaw detec- 
tion chamber 250, which grip the molded material 
and send it through the flaw detection chamber 250. A 
pair of reflector plate units 300 and 350 is removably 5 
mounted to the interior of the flaw detection chamber 
250. 

[0040] A search unit 400 for vertical direction 
search is mounted on one side wall 260 of the flaw 
detection chamber 250. The search unit 400 includes, w 
for example, five search units arranged vertically with 
predetermined intervals. 

[0041] A search unit 500 for transverse direction 
search is mounted on the bottom of the flaw detection 
chamber 250, The transverse direction search unit 500 is 
includes, for example, six search units arranged trans- 
versely with predetermined intervals. 

[0042] The first reflector plate unit 300 comprises a 2. 
pair of reflector plates 310 opposing to the vertical 
search unit 400. and a pair of reflector plates 320 20 
opposing to the transverse search unit 600. 
[0043] The second reflector plate unit 350 com- 
prises a pair of reflector plates 370 opposing to the 3. 
transverse search unit 500. 

[0044] FIG. 6 Is a plan view showing the ultrasonic 25 
flaw detector with the reflector plate unit removed. 
[0045] The position of the vertical search unit 400 
and the transverse search unit 500 inside the flaw 
detection chamber 250 is shown. 

[0046] FIG. 7 Is a plan view of the reflector plate 30 4. 

unit, and FIG. 8 is a side view thereof. 
[0047] The reflector plate units 300 and 350 can be 
inserted from the upper area of the flaw detection cham- 
ber 250. The plate units 300 and 350 can also be 
removed for cleaning the reflection surfaces and the 
like. 

[0048] Further, water is filled within the flaw detec- 
tion chamber 250, and as shown in FIG. 5, an opening 
portion 270 is equipped to the chamber enabling the 
molded material to pass through into the chamber. Bel- 
lows are equipped to the opening portion 270, so as to 
minimize the leakage of water, and at the same time, air 
is injected to the bellows from the outside, thereby pre- 
venting water from leaking. 

[0049] As explained above, the ultrasonic flaw 
detector according to the present invention includes 
reflector plates equipped within a flaw detection cham- 
ber for reflecting the ultrasonic waves. The molded 
material, which is the object of inspection, Is moved 
along a longitudinal direction in the chamber, in order to 50 
perform the flaw detection continuously. Therefore, the 
Inspection efficiency is very high, and the flaw detection 
accuracy is improved. 
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a flaw detection chamber filled with water and 
having an opening portion through which a 
molded material being the object of inspection 

enters; 

more than one ultrasonic search unit posi- 
tioned within said chamber to oppose to one 
surface of an object portion of inspection at 
said molded material; 

more than one ultrasonic reflector plate posi- 
tioned to oppose to said ultrasonic search unit 
and to have a predetenmined distance from the 
other surface of said object portion of inspec- 
tion; and 

an inspecting means for comparing the 
reflected signal of ultrasonic waves with the 
signal from a solid good portion. 

The automatic ultrasonic flaw detector according to 
claim 1, further comprising rollers for gripping and 
sending said molded material into said flaw detec- 
tion chamber. 

The automatic ultrasonic flaw detector according to 
daim 1, further comprising bellows equipped to 
said opening portion of said flaw detection chamber 
through which said molded material travels, so that 
water within said chamber is prevented from leak- 
ing. 

The automatic ultrasonic flaw detector according to 

claim 1, wherein a plural number of said reflector 
plates are formed as a unit, which is removably 
placed within said flaw detection chamber. 

The automata ultrasonic flaw detector according to 
claim 4, wherein said unit of reflector plates Is 
divided into two parts with Its boundary set along 
said opening portion of said flaw detection cham- 
ber 
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An automatic ultrasonic flaw detector comprising: 
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